G lobally, an increasing number of patients are suffering from end-stage renal disease (ESRD) treated by renal replacement therapy. It is estimated that by 2010, there may be an excess of 2 million patients with ESRD worldwide, mostly living in the West, where access to care is available and affordable. 1 In developed countries approximately 0.1% of the population have ESRD, whereas the health care cost of treatment often exceeds 1% of health care budgets. Those living in low and middle economies can seldom access or afford renal replacement therapy and consequently often die of ESRD.
Estimates from the United States imply that up to 11% of the general population may be affected by some degree of chronic kidney damage/disease. 2 Although such estimates may be inflated, they have drawn global attention to the growing problem of chronic kidney disease (CKD) and its likely impact on morbidity and mortality from other chronic noncommunicable diseases. In a country such as China, it has been estimated that the CKD prevalence may be approximately 2% to 3%, raising the spectrum of more than 10 to 15 million individuals affected in this country alone. 3 However, the majority of patients with CKD are unlikely to reach ESRD because they often die of cardiovascular disease (CVD) during the earlier stages of the disease. 4 This could considerably add to the global burden of CVD, the major cause of global chronic noncommunicable disease mortality, accounting for 30% of chronic disease deaths and exceeding 18 million deaths annually. 5 With this in mind, it is imperative to focus attention on the risk markers and factors that predispose to CKD within communities. These are similar to those causing CVD and include hypertension, diabetes, obesity, and possibly other factors, such as dyslipidemia and smoking. The links between CKD and CVD are so intertwined that CKD could easily stand for "cardio-kidney dam-Approximately 1.2 billion individuals worldwide live in extreme poverty (Ͻ$1/ d), and 2.7 billion live in moderate poverty (Ͻ$2/d). Poverty is most prevalent in developing countries, but does not spare richer economies, where huge income discrepancies have been reported. Poverty is a major health care marker affecting a number of chronic, communicable, and noncommunicable diseases. Poverty and social deprivation are known to affect the predisposition, diagnosis, and management of chronic diseases; they directly impact on the prevalence of such conditions as obesity, diabetes, and hypertension. Also, growing evidence links poverty to chronic kidney disease (CKD). This may be caused by a direct impact of poverty on CKD or indirectly through the increased health care burden linked to poverty-associated diabetes and hypertension. Furthermore, data have shown that the poor and socially deprived have a greater prevalence of end-stage renal disease. Access to renal care, dialysis, and transplantation may also be affected by social deprivation. Overall, poverty and social deprivation are emerging as major risk markers for CKD in both developing and developed countries. Their impact on CKD warrants careful analysis because it may confound the interpretation of CKD risk factors within communities. This review therefore aims to look at the evidence linking poverty to CKD and its major risk factors, namely, diabetes and hypertension. Am J Kidney Dis 53:166-174. © 2008 by the National Kidney Foundation, Inc.
age." Socioeconomic status (SES) impacts on cardio-kidney damage risk factors. It therefore is the objective of this review to describe the impact of SES on CKD and its major risk factors, diabetes and hypertension, in developed and developing countries.
POVERTY AND ITS IMPACT ON CKD/ESRD
Poverty can be defined in numerous ways. Many countries have individual poverty lines related to average income and identify the numbers of those living below these thresholds. Absolute poverty is classified by the World Bank as less than $1/d or $2/d. 6 In developed countries, a measure of relative poverty is more usual, eg, the European Union defines this as an income less than 60% of the median income of the society. 6,7 Approximately 1.2 billion people in the world live in extreme poverty (Ͻ$1/d), and 2.7 billion live in moderate poverty (Ͻ$2/d; Fig 1) . 6, 8 Research supports the importance of socioeconomic characteristics for individual and population health in 2 ways. 9 First, an individual's socioeconomic stratification is a major determinant of his or her health. Second, the socioeconomic profile of areas where individuals live may have effects on their health regardless of their own SES. Pathways for the effects of area socioeconomic and racial/ethnic characteristics on health are shown in Fig 2. 9 In addition, poverty may impact on access and adherence to health care provision. Individu-als without a usual source of health care may receive less screening, follow-up care, and timely treatment. For example, fewer physicians per proportion of population may predict a relative lack of access to preventive care by delaying the detection and treatment of hypertension and diabetes and thus causing delay in the detection and prevention of CKD. Income-based disparities in health care may be caused by an inability of less affluent patients to overcome structural barriers to care, financial barriers faced by poorer patients that might be overcome with health insurance, or personal and environmental factors that differ by SES, eg, healthrelated behaviors or occupational status. 10 There is a growing body of evidence suggesting that the incidence of CKD may be increased in those with low SES. A case-control study in Sweden, by using 2 of 3 SES variables (educational, occupational, and income and economic well-being), analyzed all adult native residents from May 1996 to May 1998 and found that the risk of CKD increased by 110% and 60% in unskilled female and male workers relative to individuals living in a family in which at least 1 member was a professional, respectively. 11 This study also reported that those with 9 years or less of schooling had a 30% greater risk of CKD compared with those with a university education. A recent prospective US community-based cohort study, the Third National Health and Nutrition Examination Survey (NHANES III), suggested that potentially modifiable factors, such as lower SES, subop-timal health behaviors, and poor glycemic and blood pressure control, account for more than 80% of CKD prevalence disparities within the community. 12 CKD stages 1 and 2 are often defined by the presence of microalbuminuria. This probably is misleading and contributes to inflating the prevalence of CKD. Microalbuminuria most likely is a marker of diffuse vascular damage, including cardio-kidney damage, and microinflammation, rather than CKD per se. A number of surveys in the United States, European Union, and Australia suggest that approximately 6% to 10% of the general population may have albuminuria and that it predicts CVD death and allcause mortality. 13 Socioeconomic factors, such as lifestyle, SES, and occupational exposures, may impact on albuminuria, CKD, and CVD. An ecological analysis using data from NHANES III showed that poverty (Ͻ200% federal poverty level) was associated with increased risk of both microalbuminuria (odds ratio [OR], 1.35) and macroalbuminuria (OR, 1.78). 14 The association of less than 200% federal poverty level with microalbuminuria persisted in a multivariate model adjusting for age, sex, race, education, obesity, hypertension, diabetes, decreased glomerular filtration rate, and medication use (OR, 1.18). Albuminuria is a major risk factor for CVD and, to a lesser extent, CKD, whereas macroalbuminuria is a well-established poor prognostic marker for the progression of CKD. The association of poverty with albuminuria/proteinuria there- fore may influence the incidence and progression of CKD.
Also, limited data are available to suggest that the rate of progression of CKD may be affected by SES. A US cohort study of 4,735 Cardiovascular Health Study participants reported that the incidence of progressive CKD is inversely related to area-level SES: 18 per 1,000 of the population for the lowest area-level quartile compared with 10 per 1,000 for those living in more affluent neighborhoods. 15 After adjusting for a number of covariates, including age, sex, and baseline creatinine level, this study also showed that living in the lowest SES quartile was associated with a 60% greater risk of progressive CKD compared with living in the highest quartile.
There are considerable racial and ethnic variations in the incidence and prevalence of ESRD. In the United States, Australia, and the United Kingdom, the incidence/prevalence of ESRD is much greater in ethnic minorities compared with whites. [16] [17] [18] These variations have been attributed to genetic, racial, and socioeconomic influences, including the limited access to health care provision of disadvantaged ethnic minorities that may predispose to CKD, as well as to a faster rate of progression to ESRD. The incidence of treated ESRD in the United States was inversely related to poverty and household income level for both white and nonwhite populations. A study based on the US Renal Data System (USRDS) database (1983 to 1988) showed that for whites and African Americans, the respective relative risks (RRs) of ESRD were 1.21 and 1.10 for those with an annual income up to US $10,000 in comparison to 0.77 (whites) and 0.69 (African Americans) for those earning in excess of $25,000 per annum. 19 In this study, the 3 SES variables of per-capita income, percentage of college graduates, and percentage living in poverty highly correlated. Another US study of 11,346 patients of all ages explored the different geographical distributions of ESRD and showed that incidence rates were consistently greater in rural compared with urban counties 20 ; population per physician density (RR, 0.49) and rural resi-dence (adjusted RR, 1.66) affected the incidence of ESRD. In Texas, a retrospective analysis calculated indirect ESRD prevalence rates for each of the 80 counties (19,336 patients) and reported that SES and ethnicity accounted for approximately 94% of intercounty variation in ESRD, including that secondary to diabetic nephropathy. 21 A study examining the association between ESRD incidence rates caused by hypertension and neighborhood-level measures of SES derived from a random household survey showed that communities with lower educational and income levels tended to have greater ESRD incidence rates. 22 In Australia, a study reported that those living in more disadvantaged areas are at greater risk of ESRD. 23 SES not only has been associated with the incidence/prevalence of ESRD, but it may also impact on quality of life in patients with ESRD. A prospective study evaluated the quality of life of 180 patients with ESRD by using mean scores for 36-Item Short Form Health Survey scales for low-and high-SES groups and found that SES continued to significantly affect all quality-of-life dimensions, including functional capacity, physical aspect, and general health status, as well as social, emotional, and mental aspects. 24 In addition to the role of SES on the incidence and prevalence of ESRD, a cohort study also suggested that sociodemographic factors have strong independent effects on access to transplantation. 25 A prospective cohort study of 3,165 patients with ESRD noted that neighborhood incomes were strongly associated with both mortality and placement on the renal transplant waiting list 26 ; increasing neighborhood income was associated with decreased mortality and an increased likelihood of being listed for transplantation.
POVERTY AND ITS IMPACT ON CKD MODIFIABLE RISK FACTORS
CKD is a complex and often progressive condition that leads to both CVD and ESRD. In addition to the underlying susceptibility to CKD, some risk factors have a role in the initiation of kidney damage, whereas others are implicated in the progression of established CKD to ESRD.
A number of modifiable and nonmodifiable risk factors have been associated with the development and progression of CKD. Race, ethnicity, and genetics have major impacts on susceptibility to CKD. Of the modifiable factors for the initiation of CKD in the community, hypertension and diabetes are the most common; however, obesity, dyslipidemia, and smoking have also been implicated.
SES therefore may impact directly or indirectly on the susceptibility to and progression of CKD. It also may impact on risk factors for CKD and cardio-kidney damage in the community, such as hypertension, diabetes, and obesity. In the following section, we review some of the data linking poverty and social deprivation to the major cardio-kidney damage risk factors, namely, diabetes and hypertension.
Poverty, Diabetes Mellitus, and CKD
Globally, diabetes is rapidly emerging as a pandemic health care problem; the number of people with diabetes worldwide is projected to increase from 171 million in 2000 to 366 million by 2030 (Fig 3) . 27, 28 In developing countries, this increase will be more noticeable because the number of people with diabetes is expected to increase from 84 million to 228 million. According to the World Health Organization (WHO), India and China will be facing the greatest challenges. In these countries, the prevalence of diabetes is much greater in urban westernized agglomerations compared with rural areas.
In the West and westernized societies, poverty is being recognized as a contributor to the prevalence of diabetes mellitus. Several studies reported that the prevalence of diabetes is greater in individuals exposed to more deprivation at both individual and residentialarea levels. In the United States, NHANES III provided evidence that SES is associated inversely with the prevalence of diabetes mellitus for both African Americans and whites. 29 It was noted that the prevalence of diabetes is more strongly associated with poverty income ratio than with education or occupational status. In the United Kingdom, a population-based study in the city of Manchester showed a greater prevalence of type 2 diabetes in all ethnic groups, including whites, with an annual household income less than £10,000 (Ͻ$15,000). 30 A cross-sectional study of urban indigenous Australian volunteers in the Darwin region reported that the prevalence of diabetes was inversely associated with lower SES; the relative odds of diabetes was 2.66 (95% confidence interval [CI], 1.71 to 4.51) for lower SES. 31 Worldwide, diabetes is rapidly becoming the most com- mon cause of ESRD. Diabetic nephropathy develops in approximately one-third of patients with diabetes, and its incidence is increasing rapidly in developing countries, including those in the Asia-Pacific region that are the most severely affected. A recent multinational survey in Europe, Canada, and the Asia-Pacific region reported that the incidence of ESRD caused by type 2 diabetes increased annually by 9.9% from 1998 to 2002. 32 Another survey across 10 Asian countries reported that diabetic nephropathy was the most common cause of ESRD in 9 of 10 Asian countries, and its prevalence increased from 1.2% of the overall population with ESRD in 1998 to 14.1% in 2000. 33 At the same time, in China, the number of diabetic nephropathy-induced ESRD cases increased from 17% in the 1990s to 30% in 2000. In India, diabetic nephropathy is expected to develop in 6.6 million of the 30 million patients with diabetes. These statistics show that diabetes and associated nephropathy are increasing at an alarming rate in developing countries, where health care resources may be unable to meet the challenge.
Poverty, Hypertension, and CKD
There is little doubt that hypertension is, along with diabetes, a major cause of CKD worldwide. A large number of studies, including the Multiple Risk Factor Intervention Trial (MRFIT) with more than 300,000 US men, linked systolic and diastolic hypertension to the development of CKD. 34 Worldwide, hypertension is on the increase, with the number of those affected increasing from the current level of 972 million to 1.56 billion by 2025, with developing countries most severely affected (Fig 4) . 35 The global increase in hypertension is affected by strong socioeconomic influences. The increasing burden of hypertension in developing countries has been attributed to several indicators: urbanization, sedentary lifestyle, obesity, physical inactivity, smoking, and increased alcohol consumption. Recently, the Guidelines Sub-Committee of the WHO International Society of Hypertension Mild Hypertension Liaison Committee reported that in Asian countries, the prevalence of hypertension has considerably increased, with prevalence in some urban areas reaching 24%. 36 The WHO Stepwise Approach to Surveillance survey showed that the majority of those with hypertension in Asia are unaware of the condition: 83% in Vietnam, 49% in India, 55.3% in China, and 75.7% in Korea. 37 This survey also showed that both men and women with the lowest educational levels were more likely to be hypertensive (30.9% and 13.3% for men and women, respectively) compared with those better educated (17.5% and 10.9%, respectively).
In the West, a large body of evidence also links social deprivation and hypertension. SES is associated inversely with a greater prevalence of hypertension and poor therapeutic control. In the United States, the NHANES I Epidemiological Follow-up Study showed that the RR of hypertension was greater in those with less than 12 years of education compared with those with longer education spans (RR in men, 2.14 [95% CI, 0.63 to 2.14] and RR in women, 2.06 [95% CI, 1.39 to 3.05]). 38 Recently, the IH-PAF Study (Incidence de I'HTA dans la Population Active Française, or socioeconomic inequalities in hypertension prevalence and care in the working French population), a cross-sectional analysis of a cohort of 29,656 individuals, reported that the prevalence of hypertension is significantly greater in both male and female unskilled workers (13.9% and 7.1%) compared with skilled executives (11.6% and 4.1%, respectively). 39 In Finland, a 34-year follow-up study of school children showed that occupational categories are inversely associated with the prevalence of hypertension: 40% in lower grade occupations compared with 26% in higher grade occupations. 40 In terms of occupation and income as indicators of social class, a cross-sectional study in Spain reported that individuals of low social class had a greater prevalence of hypertension than those in the high social class. 41 The incidence and progression of CKD are associated strongly with control of systemic hypertension. Both systolic and diastolic increased blood pressures have been implicated. 42 Several studies documented that tight control of blood pressure varies among individuals depending on their area of residence and occupation. The NHANES III reported that uncontrolled blood pressure is strongly associated with individuals with poorer cognitive function. 43 In this survey, in individuals with the lower quartile Mini-Mental State Examination score, a larger number of subjects were less educated, with less than 12 years (66%), and had lower income, at less than $20,000 (71.1%), compared with those in the upper quartile (28.2% and 37.8%, respectively). 43 In France, the IHPAF study reported that after adjustment for age and behavioral factors, being an unskilled worker is a significant risk factor for poor blood pressure control (OR, 1.78; 95% CI, 1.23 to 2.58). 39 In Poland, a hospital-based survey of 222 patients showed that regular medicine intake was more common in urban dwellers (64.9%), individuals with higher education (71.7%), and those who are employed (67.4%) compared with those living in socially deprived areas and unemployed. 44 In China, a community-based survey showed that poorly controlled blood pressure was found in individuals living in rural areas (46.6%) compared with those who lived in cities (23.9%). 45
CONCLUSIONS
The global increase in and awareness of CKD has prompted considerable interest in its early detection, prevention, and management. It also has focused minds on risk markers and factors involved in the initiation and progression of CKD and its cardiovascular complications. A number of factors have been identified, primarily hypertension and diabetes. However, little attention has been given to date to the fact that these 2 major predisposing factors may be linked to social deprivation and poverty. This review shows strong links between social deprivation and factors leading to CKD and CVD, thus suggesting a radical change in emphasis to the prevention of CKD based on the identification and correction of issues related to poverty and impacting on kidney health care. Solutions that target social determinants of health care may in the long run impact positively on the current health care disparities affecting patients with diabetes, hypertension, and cardiokidney disease. 
APPENDIX: SEARCH STRATEGY
The authors searched PubMed/ MEDLINE to identify the articles (1990 to 2008) related to poverty and CKD. Key words used individually and in association: poverty, deprivation, socioeconomic status, CKD, ESRD, diabetes mellitus (DM), and hypertension (HTN). We also referred to data reported in large national and international registries: the USRDS, Australia and New Zealand Dialysis and Transplant Registry (ANZDATA), UK Renal Registry, WHO, and World Bank. In this search only English publications were considered. For CKD studies, we have commented on all those relevant to the association of social deprivation and incidence and prevalence of CKD. These studies are mostly from the developed world. We identified 251 publications concerning associations between poverty and hypertension and 552 articles pertaining to the association between poverty and diabetes. We have mainly restricted ourselves to large WHO and multinational studies and surveys from both the West and developing countries. In general, we have excluded small and single-country studies unless they highlighted a key point.
